The lipids of a deep-sea hydrothermal vent archaeon, Thermococcus S 557, were isolated, purified and structurally determined. Based on acid methanolysis and spectroscopic studies, the polar lipids were shown to comprise diphytanyl glycerol and dibiphytanyl diglycerol, typical membrane lipids of Archaea. 
Archaea are characterised by the presence of isopranyl glycerol ether lipids in their membranes, 1 instead of acyl glycerol esters as in all other living organims. Two main ether lipids generally occur in Archaea: the diphytanyl glycerol diether (2,3-di-O-phytanyl-snglycerol, 1) and the dibiphytanyl diglycerol tetraether (2,3,2',3'-tetra-O-dibiphytanyl-di-snglycerol, 2). In this latter, the C 40 dibiphytanyl chains derive from ω,ω' linkages of two Ophytanyl residues. Some other ether lipids, whose structures differ slightly from those of these two basic ethers, are known to occur in Archaea. For example, concerning the isopranoid moieties, one or two sesterterpanyl chain(s) may replace the phytanyl one(s) in some halophiles, 2 substitution of a phytanyl chain by a hydroxyl group has been observed in a methanogen and in some methane-consuming Archaea, 3 the formation of a macrocyclic diether by a head-to-head linkage of two phytanyl residues of a diether occurs in some methanogens, 4 mid-chain C-C linkage of two C 40 units has been observed in the tetraethers of a hyperthermophilic methanogen 5 and cyclopentane rings occur in the biphytanyl chains of the tetraethers in numerous thermoacidophiles.
6 Continuing our investigation of lipids from Archaea originating from deep-sea hydrothermal vents, 7 we now report the isolation and the structural identification of a novel glycerol diether from a Thermococcus species. ______________________ Thermococcus S 557 was cultured anaerobically under N 2 , in synthetic sea water, 8 at 85°C. Extraction of the lyophilized biomass (32 g) with CH 2 Cl 2 -MeOH 2:1 (500 ml; 2×18 h), furnished 2.2 g of crude extract, which was then fractionated by CC on silica gel (70 g). Neutral lipids were first eluted by CHCl 3 (1200 ml). Polar lipids were recovered by elution with acetone-MeOH 9:1 (1375 ml) and then MeOH (350 ml). Acid methanolyses of the two concentrated polar fractions were performed in 1N MeOH-HCl at 100°C for 18 h in closed tubes, the products extracted with CH 2 Cl 2 and then diethyl ether. Separation by silica gel TLC of the methanolysate obtained from the methanol fraction (eluent heptane-diethyl etherMeOH 4:1:1) yielded the known diphytanyl glycerol diether 1, (C 43 H 88 O 3 ), and dibiphytanyl diglycerol tetraether 2, (C 86 H 172 O 6 ). Additional amounts of 1 and 2 were obtained from the extracted biomass by acid methanolysis (HCl 1 N) of the archaeal residue, at 100°C. On a whole, 1 and 2 were in the relative proportion 1:3 and accounted for 0.95 % of the dry wt; no cyclopentane ring-containing tetraether was isolated. Neutral lipids were subjected to silica gel CC by elution with heptane containing increasing amounts of diethyl ether and the fraction eluted with pure diethyl ether was collected. Further purification of this fraction by silica gel TLC (eluent heptane-diethyl ether- H two doublets of doublets at δ H 4.11 and 4.17, for the two diastereotopic protons H-1 and a doublet at δ H 4.01 integrating for two protons, ascribed to the two protons H-1'. In the COSY spectrum, the connectivities observed with these signals allowed to assign the olefinic protons 2 and 2', exhibiting resonances at δ H 5.36 and 5.33, respectively. The 1 H NMR spectrum indicated also the presence of two triplets, each integrating for two protons at δ H 5.09 and 5.11. All these data established that 3 comprises six carbon-carbon double bonds. Four singlets resonating at δ H 1.67 (3 H), 1.66 (3 H), 1.60 (6 H) and 1.58 (6H) were ascribed to vinylic methyl groups, while a doublet at δ H 0.86 was assigned to four methyl groups bound to two methine carbons. Starting from these methine protons (δ H at 1.52), the COSY spectrum identified the protons of a terminal saturated moiety. This 2D spectrum and a subsequent HMBC experiment allowed the assignment of all the allylic protons (Table 1) . These 1 H NMR data showed close similarities, except for the terminal saturated moieties, with those reported for 2,3-di-O-geranylgeranyl glycerol diether synthesized by incubation of geranylgeranyl diphosphate and glyceryl phosphate with a cell-free extract of Methanobacterium thermoautotrophicum. The DEPT 135 spectrum of 3 indicated signals due to methyl carbons at δ C 16. 0, 16.1, 16.6, 22.7 and 22.8, aliphatic methylene carbons at δ C 25.8, 26.4, 26.5, 26.7, 38.7, 39.7, 39.8, 40 .0, methylene carbons bound to oxygen atoms at δ C 63.2, 66.6, 68.1 and 70.1, and methine carbons at δ C 28.0 and 78.4. The 13 C NMR data confirmed also the presence of trisubstituted double bonds, including the C-2 = C-3 and C-2' = C-3' which showed well separated signals for the C-2 and C-2'. The chemical shifts of the allylic carbons at positions 4, 4', 8, 8', 12 and 12' (δ C 39.7, 39.8 and 40.0) established an E configuration for the carbon-carbon double bonds. Furthermore, the HMBC spectrum confirmed the presence of a terminal isopranyl unit in each C 20 unit. Moreover, the long range correlations observed on one hand from H B to C-1 and from H-1 to C B and on the other hand from H C to C-1' and from H-1' to C C , demonstrated the ether linkage of two dihydrogeranylgeranyl units to a glycerol molecule, implicating one primary and the secondary carbons of this latter. Complete 13 C NMR chemical shift assignments of 3 are shown in Table 1 . Furthermore, the optical rotation indicating that 3 is dextrorotatory established that this compound is a 2,3-sn-glycerol derivative. 10 All the physical and spectroscopic data established that diether 3 is 2,3-di-O-dihydro-14,15-geranylgeranyl-sn-glycerol.
Unsaturated ether lipids have been rarely isolated from Archaea so far. To the best of our knowledge, are only concerned some partially reduced tri-O-geranylgeranyl glycerol ethers synthesized by the thermoacidophile Caldariella acidophila, 11 and those structures have not been fully determined, and a phytanyl, phytenyl diether isolated from some Halococcus species. 12 The absence in the polar lipids (the core lipids) of Thermococcus S 557 of unsaturated ethers suggests that 3 could be an intermediate in the biosynthesis of ether lipids by Archaea. Indeed, Poulter and coworkers 9 have shown that contrarily to what might be expected, isopranoid diethers do not arise from the coupling, via phosphate derivatives, of glycerol and phytanol but from coupling of glycerol and geranylgeraniol, the reduction of the unsaturations taking place in subsequent steps. 13 The structure of the diether isolated in the present work strongly suggests that the reduction could begin at the head of the C 20 isoprenoid, at least in the present species.
